Introduction
============

Multiple sclerosis (MS) is a degenerative disease of the central nervous system that results in a range of disabilities in different functional domains, including mobility, vision, mood, and cognition.[@b1-prom-4-075] One of the hallmarks of MS is walking impairment,[@b2-prom-4-075] which affects up to 90% of patients as the disease progresses.[@b3-prom-4-075]--[@b5-prom-4-075] Fatigue, leg weakness, spasticity, lack of balance and coordination, slowness of movement, and impaired sensory function contribute to walking impairment in MS.[@b2-prom-4-075],[@b5-prom-4-075] According to a study by Heesen et al,[@b6-prom-4-075] walking is the most highly valued functional domain in patients with MS. Although mobility is a general concept in that it refers to a change in body position and not just walking, the two are closely related.[@b7-prom-4-075],[@b8-prom-4-075] Nearly all patients with MS (93%) report problems with their mobility within 10 years of diagnosis, and 76% of patients consider mobility a significant problem.[@b5-prom-4-075] Indeed, studies have shown that mobility and walking impairments, including slower walking speed, impact health-related quality of life and the ability to work and perform activities of daily living.[@b9-prom-4-075]--[@b13-prom-4-075]

Prolonged-release (PR) fampridine tablets (Fampyra®; Biogen Idec, Maidenhead, Berkshire, UK; known as fampridine sustained or modified release in some countries and as dalfampridine extended release tablets \[Ampyra®, Acorda Therapeutics, Ardsley, NY, USA\] in the United States) are chemically known as 4-aminopyridine (4-AP), which is a voltage-dependent potassium channel blocker.[@b14-prom-4-075] The beneficial effects of PR-fampridine are believed to arise from blockade of voltage-gated potassium channels, leading to improved conduction in demyelinated nerves.[@b14-prom-4-075] Pooled analyses of two Phase III clinical trials of PR-fampridine showed that 38% of PR-fampridine-treated patients had consistently faster walking speed on the Timed 25-Foot Walk[@b15-prom-4-075] (T25FW; Timed-Walk Responders) compared with 9% of placebo-treated patients (*P* \< 0.001).[@b16-prom-4-075] Furthermore, improvement in walking speed in PR-fampridine Timed-Walk Responders was associated with improvement in patient-perceived walking ability on the 12-item Multiple Sclerosis Walking Scale (MSWS-12)[@b17-prom-4-075] and in leg muscle strength assessed using the Lower Extremity Manual Muscle Test (LEMMT).[@b18-prom-4-075],[@b19-prom-4-075] In July 2011, PR-fampridine received conditional approval from the European Medicines Agency (EMA) for the improvement of walking in adult patients with MS with walking disability (Expanded Disability Status Scale \[EDSS\] 4.0--7.0).[@b20-prom-4-075] The European label requires that patients be reassessed for clinical benefit after 2 weeks of treatment with PR-fampridine and recommends the use of a timed test of walking, such as the T25FW.[@b20-prom-4-075] The label indicates that treatment should be discontinued in patients who do not demonstrate improvement or in patients who do not report a benefit from treatment.[@b20-prom-4-075]

The ability to evaluate changes in walking is important to identify which patients are benefiting from treatment with PR-fampridine, and a range of clinical and patient-reported factors may be relevant when assessing clinical benefit of treatment. The objective of this case series was to assess the long-term clinical benefits of PR-fampridine in daily clinical practice using a variety of assessments, as well as physician observation and patient-perceived benefit. This report provides an overview of 67 patients from a single clinic in Austria who were consecutively treated with PR-fampridine and evaluated using a variety of assessment scales over the course of 6 months in a clinical practice setting. In addition, three case studies demonstrating differing results of PR-fampridine treatment on walking impairment are highlighted, providing a detailed description and video representations of the clinical changes observed in these patients. This information may assist clinicians as they assess clinical benefit in their patients who are being treated with PR-fampridine.

Methods
=======

Patients
--------

MS patients with walking impairment who were being treated at the MS Clinic of the Clinical Department of Neurology at Innsbruck Medical University were included in this case series. Patients who were determined to be candidates for treatment with PR-fampridine based on physician assessment at a regularly scheduled visit were consecutively included in this case series. MS patients who did not have walking impairment or those in whom PR-fampridine was contraindicated (eg, history of epilepsy or seizures, renal insufficiency) were not eligible for treatment. All patients provided informed consent to participate and to have their T25FW tests video recorded. Three patients representative of different clinical manifestations of treatment with PR-fampridine on walking (ie, definitive improvement, some improvements, and no improvement) were randomly chosen as case reports and asked for their informed consent to publish their videos.

Case series design
------------------

Treatment began in June 2011, prior to the finalization of the EMA label for PR-fampridine, thus before the requirement for the 2-week reassessment was established. All patients were evaluated before starting treatment (baseline) with PR-fampridine 10 mg twice daily taken 12 hours apart and assessed for clinical benefit of treatment after 4 weeks. Patients demonstrating clinical benefit at the 4-week visit continued treatment and were further assessed at 3 and 6 months. Assessments at each visit included the EDSS,[@b21-prom-4-075] T25FW,[@b15-prom-4-075] MSWS-12,[@b17-prom-4-075] EuroQoL-5D (EQ-5D),[@b22-prom-4-075] and, if fatigue was present, the Fatigue Severity Scale (FSS).[@b23-prom-4-075] The T25FW was not assessed in patients whose walking disability prevented them from performing the test according to the instructions. The T25FW was videotaped for all patients undergoing this assessment at each visit. In addition, patients were asked about their current MS disease status (eg, relapses, worsening, stable), whether they had experienced any changes in walking ability, and for detailed descriptions of these changes. Patients were also asked whether they had experienced any adverse events, including specific questions regarding adverse events in the PR-fampridine label (eg, seizure, nausea, dizziness, insomnia), and about any new concomitant treatments (eg, drugs, physiotherapy). Clinical benefit of PR-fampridine treatment was determined by assessment of walking speed on the T25FW, self-reported walking ability as assessed by the MSWS-12, and patient interview after 4 weeks of treatment. A clinical benefit from treatment at this time point was defined as any improvement on the T25FW or on the MSWS-12.

Outcome measures
----------------

The EDSS is a rating scale that assesses the degree of neurologic disability in eight functional systems (pyramidal, cerebellar, brain stem, sensory, bowel and bladder, visual, cerebral, and other) in patients with MS.[@b21-prom-4-075] The scale ranges from 0 (normal) to 10 (death due to MS) and the middle range of the scale (4.0--7.0) relies heavily on assessment of walking ability. An EDSS of 4.0 is indicative of significant walking disability (cannot walk more than 500 m without rest or a walking aid) and an EDSS of 7.0 is indicative of severe walking disability (cannot walk farther than 5 m with a walking aid).[@b21-prom-4-075] The T25FW assesses how much time in seconds it takes a patient to walk, with or without a walking aid, as quickly as they can along a well-marked 25-foot (7.62 m) linear course.[@b15-prom-4-075] Walking speed in m/second was calculated by dividing 7.62 m by the number of seconds it took the patient to complete the test. The MSWS-12 is a 12-item questionnaire that assesses patient-perceived walking ability and evaluates the impact of MS on walking speed, distance, and various other parameters related to walking quality.[@b17-prom-4-075] Item scores are summed and transformed onto a 0 to 100 scale, with higher scores indicating greater limitations in walking ability. The EQ-5D descriptive system is a generic self-administered questionnaire that assesses patient's health state (no problems, some problems, or extreme problems) in five dimensions: mobility, self-care, pain, usual activities, and anxiety.[@b22-prom-4-075] Higher scores indicate worse health status. The three potential responses on each dimension were scored as follows: 1 = no problems, 2 = some problems, and 3 = extreme problems. The mean score was calculated by summing the response scores across the five dimensions and dividing by 5. Higher scores indicate greater impact on individual health status. The FSS measures the impact of fatigue on daily life and consists of nine items that are rated on a 7-point Likert-like scale.[@b23-prom-4-075] Scores across all nine items were averaged, with higher scores indicating greater impact of fatigue.

Statistical analyses (means, ranges, and standard deviations) and the significance of group differences (*P*-values, 95% confidence intervals) from baseline to each visit were evaluated using a Student's *t*-test using IBM SPSS software (version 18.0; IBM Corporation, Armonk, NY, USA) and Microsoft Excel 2008 (version 12.3.5; Microsoft Corporation, Redmond, WA, USA). Statistical significance was defined as *P* \< 0.05. The proportion of patients demonstrating clinical benefit was calculated based on the total number of patients who were treated (N = 67) using three different criteria: (1) ≥10% improvement in walking speed on the T25FW; (2) ≥20% improvement in walking speed on the T25FW; or (3) improvement in patient-reported walking ability as assessed by the MSWS-12. Any improvement in MSWS-12 score was considered improvement in patient-reported walking ability. For each criterion, the total number of patients who were treated (N = 67) was used rather than the number of patients assessed at each visit to provide an overall description of the rate of clinical response based on the initial cohort of patients treated.

To explore the relationship between patient characteristics at baseline and response to PR-fampridine, baseline clinical and demographic characteristics were evaluated in patients grouped by outcomes on walking assessments after 4 weeks or 6 months of PR-fampridine treatment. The following outcome groups were evaluated: no clinical benefit of treatment, defined as no improvement in T25FW and no improvement in MSWS-12 score at 4 weeks; moderate clinical benefit of treatment, defined as \<10% improvement in T25FW and \<6-point improvement in MSWS-12 score at 4 weeks or 6 months; and substantial clinical benefit of treatment, defined as \>20% improvement in T25FW and ≥6-point improvement in MSWS-12 score at 4 weeks or 6 months.

Results
=======

Summary results for the overall population
------------------------------------------

A total of 67 patients in the clinic who were consecutively treated with PR-fampridine were included in this case series. Demographic and clinical characteristics of patients prior to treatment with PR-fampridine are shown in [Table 1](#t1-prom-4-075){ref-type="table"}. The majority (74.6%) of patients had a progressive form of MS (secondary-progressive or primary-progressive MS) and the mean disease duration was 16.5 years. None of the patients had a relapse in the 3 months prior to treatment. The mean EDSS score was 4.8 (range, 3.0--8.0) and patients completed the T25FW in a mean ± standard deviation of 13.9 ± 8.9 seconds (range, 5.2--47.1 seconds) at baseline. All patients had some level of walking impairment that affected walking speed, since the median time to complete the T25FW has been reported as 3.7 seconds in healthy volunteers (range, 2.8--5.2 seconds).[@b24-prom-4-075] About half of the patients were receiving disease-modifying drugs and/or treatment for spasticity. One patient had previously used compounded 4-AP for 2 months without any clinical benefit. Symptoms characteristic of MS were common in this cohort of patients, particularly those that potentially affect walking ability such as imbalance, lower limb weakness, and muscle tightness.

Among the 67 patients who were treated, 65 completed the 4-week visit, 52 completed the 3-month visit, and 48 completed the 6-month visit. PR-fampridine treatment was stopped in three (4.5%) patients due to adverse events (nausea \[n = 2\], insomnia \[n = 1\]) and treatment was discontinued in 16 (23.9%) patients due to lack of clinical benefit ([Figure 1](#f1-prom-4-075){ref-type="fig"}). The three adverse events were deemed moderate in severity and resolved within 3 days of discontinuing PR-fampridine. At the 4-week visit, 50.7% of patients demonstrated clinical benefit based on a ≥10% improvement in walking speed and 32.8% had a ≥20% improvement in walking speed ([Figure 2](#f2-prom-4-075){ref-type="fig"}). A higher proportion (65.7%) of patients demonstrated clinical benefit of PR-fampridine treatment after 4 weeks when improvement in patient-reported walking ability was considered ([Figure 2](#f2-prom-4-075){ref-type="fig"}). Patients experiencing clinical benefit typically reported improvement 2 weeks after starting treatment with PR-fampridine. The proportion of patients demonstrating clinical benefit was higher across all time points when clinical benefit was based on improvement in patient-reported walking ability versus improvement in walking speed ([Figure 2](#f2-prom-4-075){ref-type="fig"}).

Over the 6-month assessment period, the mean EDSS score remained stable in patients who continued treatment with PR-fampridine; two patients experienced a relapse. Among all patients (N = 67), 38.8% (26/67) of patients walked ≥10% faster, 16.4% (11/67) of patients walked ≥20% faster, and patient-reported walking ability improved in 59.7% (40/67) of patients at the 6-month visit compared with baseline ([Figure 2](#f2-prom-4-075){ref-type="fig"}). Among all patients assessed using the MSWS-12 after 6 months of continued treatment (n = 44), patient-reported walking ability improved by approximately 10 points ([Table 2](#t2-prom-4-075){ref-type="table"}), which exceeds the four to six-point threshold used in previous studies to define a clinically meaningful change.[@b25-prom-4-075] Patient-reported fatigue also improved on average by one point ([Table 2](#t2-prom-4-075){ref-type="table"}). Although this observational clinical practice case series was not powered to show statistical significance, the change from baseline to each follow-up visit was significant for all outcomes, with the exception of the FSS at the 4-week visit ([Table 2](#t2-prom-4-075){ref-type="table"}).

The baseline characteristics of patients grouped based on the extent of clinical benefit of PR-fampridine at 4 weeks or 6 months are shown in [Table 3](#t3-prom-4-075){ref-type="table"}. Minimal differences were observed in baseline characteristics between the outcome groups, suggesting that it is difficult to predict whether a patient will experience a clinical benefit of PR-fampridine before initiating treatment. There may be a tendency for treatment response in patients with slightly shorter disease duration and a slightly faster T25FW at baseline; however, the differences were small and not clinically relevant to confidently predict treatment outcome.

Case report 1: definitive improvement in walking
------------------------------------------------

Patient \#1 was a 54-year-old white man who had MS for 15 years and secondary-progressive MS for the past 3 years. He had previously received antispasticity drugs, steroids, and rehabilitation therapy, but not compounded 4-AP or disease-modifying therapies for MS. The patient reported progression of his walking impairment over the last year, limitations in walking distance without an aid (150 m), and that he used two walking sticks for longer distances. He reported several MS-related symptoms (fatigue, imbalance, lower limb weakness and muscle tightness, heat intolerance, cerebellar symptoms, and urinary hesitancy and urgency) and that work exhausted him. He was currently receiving oral baclofen 25 mg twice daily for spasticity and physical rehabilitation therapy once weekly for an hour. Physician assessment at baseline noted that his walking ability, particularly walking distance and balance, were impaired due to spastic paresis in the left leg and ataxia (see [Supplementary Video Patient \#1](http://youtu.be/DrGXdxiaH8A)). Clinical examination showed an EDSS score of 5.5, slight spasticity but markedly diminished muscle strength (LEMMT grade 3 out of 5) in his left leg, and a T25FW time of 17.1 seconds (walking speed, 0.45 m/second).

At the 4-week visit, patient \#1 reported noticeable improvement in his walking ability within the first few days after starting PR-fampridine treatment (eg, walked faster, walked farther without exhaustion, and climbed stairs more easily). The patient no longer used his walking sticks for routine walking, and only required them for longer distances to help him maintain his balance. He reported that others also noticed improvement in his walking ability. This patient reported no adverse events following initiation of PR-fampridine. Clinical assessment performed at 4 weeks showed a dramatic improvement in T25FW walking speed (64.4%) and improvement in MSWS-12, EQ-5D, and FSS scores ([Table 4](#t4-prom-4-075){ref-type="table"}). Visually, the overall quality of the patient's walking had improved (eg, walking was smoother, less spastic, more effortless, and more balanced) and he appeared more confident (see [Supplementary Video Patient \#1](http://youtu.be/DrGXdxiaH8A)). Based on physician assessment and patient report, Patient \#1 was considered to have clear clinical benefit of PR-fampridine treatment.

By the 3-month visit (see [Supplementary Video Patient \#1](http://youtu.be/DrGXdxiaH8A)), the patient had further improvement in walking speed, patient-reported walking ability, and overall health status ([Table 4](#t4-prom-4-075){ref-type="table"}). The patient no longer had spasticity in his left leg, so baclofen was discontinued, and his left leg strength had improved (LEMMT grade 4 out of 5). The patient reported that he had been on vacation, was more physically active than in the past 3 years, and his walking endurance was better. He reported feeling "safer" when walking and was satisfied with the improvements in his walking.

At the 6-month visit (see [Supplementary Video Patient \#1](http://youtu.be/DrGXdxiaH8A)), improvements in walking ability were maintained from the 3-month visit ([Table 4](#t4-prom-4-075){ref-type="table"}), and the patient still had no spasticity in his left leg, and improvements in lower left leg strength were sustained. Patient \#1 was pleased with his walking ability versus before treatment with PR-fampridine, and he felt that his walking impairment was no longer progressing but instead had improved.

Case report 2: some improvements in walking
-------------------------------------------

Patient \#2 was a 49-year-old white woman with a 27-year history of MS and secondary-progressive MS for the past 2 years. She had previously received intramuscular interferon β-1a, steroids, and rehabilitation therapy, but not compounded 4-AP. She was only receiving rehabilitation therapy once weekly at the time of the baseline visit. Patient \#2 reported several MS-related symptoms (fatigue; imbalance; heat intolerance; and loss of sensation, weakness, muscle tightness, and spasticity in her lower limbs) and that her walking speed and distance had deteriorated over the past 2 years. She sometimes tripped and felt her walking was powerless and exhausting, which aggravated her existing fatigue. Her walking impairment made activities of daily living more difficult and exhausting to perform. Clinical examination at baseline revealed an EDSS score of 4.0; walking impairments that impacted distance, endurance, and balance; spastic paresis in her left leg, and slightly diminished left leg strength (LEMMT grade 4 out of 5); and a T25FW time of 7.1 seconds (walking speed, 1.07 m/second: see [Supplementary Video Patient \#2](http://youtu.be/L0BGTncjiDQ)).

After 4 weeks of treatment with PR-fampridine, the patient reported that some days she noticed improvement in her walking speed and balance and experienced less exhaustion, but there were other days where she did not notice these improvements. She reported no change in fatigue. She wanted to continue treatment despite the lack of a consistent benefit. Clinical assessment at the 4-week follow-up visit found slight (7.5%) improvement in T25FW walking speed, a clinically meaningful 27-point improvement in MSWS-12 score ([Table 4](#t4-prom-4-075){ref-type="table"} and see [Supplementary Video Patient \#2](http://youtu.be/L0BGTncjiDQ)), and no changes in leg spasticity and strength. Based on physician assessment and patient report, this patient was considered to demonstrate modest clinical benefit with PR-fampridine treatment. It was agreed that the patient should continue treatment with PR-fampridine and be re-evaluated at the next visit.

At the 3-month visit, the patient showed a 15% improvement in T25FW walking speed versus baseline and sustained improvements in MSWS-12 score ([Table 4](#t4-prom-4-075){ref-type="table"}). Furthermore, the patient reported that her walking endurance and balance had more clearly improved, her walking was smoother, and overall she felt more confident and powerful in her walking. She could now walk for 30 minutes without interruption, resting, or stopping. She reported that her fatigue had improved and she could participate more actively in daily tasks and leisure activities, which made her happy. Physician assessment showed no change in lower limb spasticity and strength from baseline, further improvement in T25FW walking speed versus baseline, and sustained improvement in MSWS-12 score ([Table 4](#t4-prom-4-075){ref-type="table"}). Additionally, improvements in FSS score at 3 months compared with baseline reflected the patient's verbal report of improvements in fatigue. The patient reported that mild dizziness, which she had initially reported at the 4-week visit, had resolved; however, she still experienced exacerbation of constipation that was an issue before starting PR-fampridine.

At the 6-month visit the patient reported that previous improvements in walking were sustained over the last 3 months of treatment and overall her walking was better with improved balance and self-confidence. Clinical assessments confirmed the patient report, which showed additional improvement in walking speed after 6 months of treatment (20.6% versus baseline), maintenance of benefits on patient-perceived walking ability, and fatigue ([Table 4](#t4-prom-4-075){ref-type="table"}), and smoother walking as assessed by the treating physician versus baseline (see [Supplementary Video Patient \#2](http://youtu.be/L0BGTncjiDQ)). The patient also reported that her constipation was better and she was no longer experiencing dizziness.

Case report 3: worsening of walking and decreased walking speed
---------------------------------------------------------------

Patient \#3 was a 39-year-old white woman with a 26-year history of MS and secondary-progressive MS for the past 9 years. She had previously received intramuscular interferon β-1a, intravenous immunoglobulin, baclofen for spasticity, steroids, and rehabilitation therapy, but had not been treated with compounded 4-AP. Patient \#3 reported fatigue; heat intolerance; cerebellar symptoms; vertigo; imbalance; loss of vision associated with nystagmus; and pain, parathesias, loss of sensation, weakness, spasticity, and muscle tightness in her legs. The patient had sensory impairment, imbalance, limitations in leg muscle strength, and bilateral visual impairment that together contributed to a severe walking impairment and made it difficult for her to walk a great distance. She reported that she could walk a maximum of 20 m using two walking crutches. The patient was currently receiving rehabilitation therapy but not disease-modifying therapy for MS or drugs for spasticity. Clinical assessment revealed that she had severe walking impairment due to spastic paraparesis and ataxia (see [Supplementary Video Patient \#3](http://youtu.be/ib2u5lAnTGI)), an EDSS score of 6.5, severe spasticity in both legs, proximal and distal paraparesis (LEMMT grades 4 out of 5 and 2 out of 5, respectively), and a T25FW time of 29.4 seconds (walking speed, 0.26 m/second).

After 4 weeks of treatment with PR-fampridine, patient \#3 reported experiencing dizziness, confusion, and difficulties with short-term memory tasks after initiating PR-fampridine. She had a slower walking speed on the T25FW (decrease of 46.2%), no change on the MSWS-12, and worse fatigue and overall health status ([Table 4](#t4-prom-4-075){ref-type="table"} and see [Supplementary Video Patient \#3](http://youtu.be/ib2u5lAnTGI)). She continued to have severe spasticity in both legs, and her paraparesis remained unchanged proximally but worsened distally (LEMMT grade 1 out of 5). Interestingly, this patient did report an improvement in her vision and physician assessment at the 4-week visit found no detectable nystagmus. Based on physician assessment and patient report, this patient was considered to have no clinical benefit with PR-fampridine treatment and she reported potentially treatment-related side effects. Treatment with PR-fampridine was stopped and the patient was no longer followed-up on.

Discussion
==========

The range of improvements with PR-fampridine varies among patients, as evidenced by this case series. Among the 67 patients who were treated, 60% demonstrated clinical benefit of PR-fampridine treatment based on improvement in patient-reported walking ability alone, and 39% demonstrated clinical benefit of treatment based on \$10% improvement in walking speed after 6 months of treatment. In this case series, the extent of the clinical benefit of PR-fampridine was not predictable based on the demographic or clinical characteristics of patients or the level of walking disability at baseline. Furthermore, post hoc analyses of the Phase III clinical trial data demonstrated that response to PR-fampridine was consistent across a range of patient baseline characteristics and the presence or absence of a range of MS-related symptoms (eg, heat intolerance) at baseline.[@b16-prom-4-075],[@b26-prom-4-075],[@b27-prom-4-075] The case studies presented in detail describe three different results of PR-fampridine treatment in the clinical setting. Patient \#1 demonstrated clear clinical benefit of PR-fampridine treatment on walking based on increases in objectively measured walking speed and patient-reported benefits that appeared within a few weeks of initiating treatment. For patient \#2, the benefits of PR-fampridine on walking took longer to become apparent. Although clinical benefits of PR-fampridine treatment were modest at the 4-week visit, patient \#2 showed clear improvements in walking speed, self-reported walking ability, and fatigue at the 3-month visit that were sustained at the 6-month visit. Patient \#3 did not experience any clinical benefits of PR-fampridine treatment after 4 weeks and experienced potentially treatment-related adverse events, providing a clear example of a patient who should discontinue treatment.

There is no single method to assess the clinical benefit of PR-fampridine treatment. Defining improvements in walking ability should not be limited to a single clinical assessment, but rather should also include patient-reported assessment of benefit. A patient-reported assessment such as the MSWS-12 score or the patient narrative should be the fundamental basis for judging improvement in walking ability. This is similar to the assessment of neurologic symptoms such as pain, headache, and unspecified vertigo, in which the neurologist must rely on patient-reported assessment of the severity or a change in the symptom. In most cases and particularly over the long-term, physician-based assessment using the T25FW is consistent with the patient-reported clinical benefit of treatment with PR-fampridine. Thus, it is important for neurologists to document patient-reported outcomes and ask patients specific questions to elicit information about different dimensions of walking, including strength, endurance, balance, speed, falls, fatigability, feeling insecure, and overall confidence in and perception of their walking ability. Physicians should also assess the impact of any of these symptoms on patients' activities of daily living and quality of daily life and consider using the MSWS-12 and the T25FW or another short-format test of walking speed (eg, 10-Meter Walk Test)[@b28-prom-4-075] to assess the clinical benefit of PR-fampridine on walking. Both assessments take just a few minutes and are easy to perform in daily routine clinical practice. Furthermore, because of the importance of patient-reported outcomes and the ultimate goal of improving health-related quality of life, it should be assessed after 6 months of treatment to document any change.

Clinical benefits of treatment with PR-fampridine should generally become apparent after 2 weeks.[@b20-prom-4-075] In the current case series, patient \#1 reported clinical benefits of PR-fampridine treatment that occurred within a few days of initiating treatment. In contrast, the clinical benefits experienced by patient \#2 were modest at the 4-week visit but became more apparent at the 3- and 6-month visits. The reason behind the variability in response to PR-fampridine in people with MS is not clear.[@b29-prom-4-075] There has been some speculation that the variability could be attributed to lesion location, with responders having demyelinated lesions in areas of the central nervous system relevant to walking, or that it may be a result of some unknown genetic differences in potassium channel subunits that produce different drug susceptibilities.[@b29-prom-4-075]

When assessing patients over time, one must keep in mind the progressive nature of MS and the underlying worsening of walking ability.[@b30-prom-4-075] In placebo-treated patients with secondary-progressive MS (EDSS score range, 3.5--6.5) in the IMPACT study, walking speed declined on average by 10% after 12 months and 19% after 24 months.[@b30-prom-4-075] Because the magnitude of walking improvements may decrease over time compared with their original baseline status potentially due to MS disease progression, patients may still be benefiting from treatment in that their walking ability is improved in comparison to what it would be without treatment, although it may have worsened in comparison to pretreatment levels. If a decline in walking ability is observed, physicians should consider an interruption to treatment in order to reassess the benefits of PR-fampridine.[@b20-prom-4-075] The re-evaluation should include withdrawal of treatment and subsequent assessment of walking ability, including a walking test.[@b20-prom-4-075] PR-fampridine should be discontinued if patients no longer receive a walking benefit.[@b20-prom-4-075]

The T25FW, or another similar short-format timed walking test, is useful for objectively measuring the benefit of PR-fampridine treatment in the clinical setting.[@b31-prom-4-075] Improvement in walking speed may be associated with improvement in a patient's ability to be productive and undertake activities of daily living.[@b5-prom-4-075],[@b11-prom-4-075],[@b12-prom-4-075] Some patients experience improvement in self-perceived walking ability with or without remarkable changes in walking speed that may be apparent on visual inspection or are reported by the patient, similar to what was observed with patient \#2. Patients who show no benefit to PR-fampridine across clinical factors and who do not report any improvement in walking should stop treatment. Determining adequate clinical benefit of any MS therapy requires physicians to use their judgment based on a range of clinical factors, including patient self-report and the current clinical presentation of the patient, in addition to the information provided by MS-specific assessment scales.

This was an open-label clinical practice case series of patients from a single MS clinic, and, thus, the results may be subject to several sources of bias. To minimize the selection bias, patients were enrolled in a consecutive manner after being deemed candidates for treatment with PR-fampridine. This was a small population that was not randomly selected and was, therefore, subject to sample bias. The results observed in this case series may not be generalizable to other clinics or the overall population of patients with MS with walking impairment. Although patient interviews were standardized, information gained during these interviews may have been prone to recall error on behalf of the patient or interviewer bias. Despite the potential for bias, this case series provides useful information about the long-term treatment of MS patients with walking impairment with PR-fampridine in a real-world setting.

In the current case series, five of the 67 patients with walking impairment who were treated with PR-fampridine had a baseline EDSS score just outside the indicated range in the final EMA label. There are currently no known clinical characteristics to predict if a patient will experience a clinical benefit of PR-fampridine, thus, it is unlikely that these few patients influenced the observed rate of clinical benefit to PR-fampridine. In fact, a post hoc analysis of data from the Phase III clinical studies of PR-fampridine showed consistency of response to PR-fampridine in terms of the proportion of patients who were Timed-Walk Responders (the definition of response from Phase III studies) among patients with EDSS scores of 5.5 or less, 6.0, or 6.5 or more.[@b16-prom-4-075] Additionally, not all improvements in these patients can be necessarily attributable to PR-fampridine treatment because some improvement may be a result of the normal variability of MS symptoms over time. Furthermore, there is the possibility that some improvements were due to a placebo effect because all patients knowingly received active treatment; however, the prolonged clinical benefits on walking observed in this case series over a period of 6 months appear unlikely to be wholly a result of a placebo effect.

Conclusion
==========

Walking impairment is common in patients with MS and treatment of walking impairment is cited as an unmet need. PR-fampridine may provide improvements in walking ability for patients with MS based on objective clinical measures, patient-reported outcome measures, or informal patient report of benefit. Determining which patients are benefiting from treatment with PR-fampridine is an important aspect for the appropriate management of MS patients with walking impairment. The case reports presented here illustrate the range of clinical and patient-reported factors that can be used to assess clinical benefit of PR-fampridine in MS patients with walking impairment.
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![The effect of PR-fampridine on walking over 6 months.\
**Notes:** Patients were treated with PR-fampridine 10 mg twice daily over 6 months. Walking speed was assessed using the T25FW; patient-reported walking ability was assessed using the MSWS-12. Any improvement in MSWS-12 score was considered improvement in patient-reported walking ability. For the T25FW, thresholds of ≥10% and ≥20% improvement in walking speed were used. The total number of patients who were treated with PR-fampridine (N = 67) was used to calculate the proportions of patients who demonstrated improvement in walking speed or patient-reported walking at each visit to provide an overall description of the rate of clinical response based on the initial cohort of patients treated.\
**Abbreviations:** mo, month; MSWS-12, 12-item Multiple Sclerosis Walking Scale; PR, prolonged-release; T25FW, Timed 25-Foot Walk; wk, week.](prom-4-075Fig2){#f2-prom-4-075}

###### 

Demographic and MS disease characteristics at baseline

  Characteristic                     Patients (N = 67)[\*](#tfn1-prom-4-075){ref-type="table-fn"}
  ---------------------------------- --------------------------------------------------------------
  Age, mean (SD) y                   47.8 (8.4)
  Women, n (%)                       46 (68.7)
  MS disease course, n (%)           n = 67
   Secondary-progressive             34 (50.8)
   Relapsing-remitting               17 (25.4)
   Primary-progressive               16 (23.9)
   Progressive-relapsing             0
  Disease duration, mean (SD) y      16.5 (7.3)
  Number of relapses in past 1 y     
   Mean (SD)                         0.09 (0.29)
   Range                             0--1
  Treatment of MS, n (%)             
   MS disease-modifying therapy      34 (50.7)
   Therapy/drugs for spasticity      35 (52.2)
   History of 4-aminopyridine use    1 (1.5)
   Current rehabilitation therapy    42 (62.7)
  EDSS score                         n = 67
   Mean (SD)                         4.8 (1.6)
   Range                             3.0--8.0
  T25FW time, sec                    n = 54
   Mean (SD)                         13.9 (8.9)
   Range                             5.2--47.1
  MSWS-12 score                      n = 67
   Mean (SD)                         77 (19)
   Range                             2--100
  EQ-5D descriptive system score     n = 66
   Mean (SD)                         1.7 (0.3)
   Range                             1.0--2.6
  FSS score                          n = 38
   Mean (SD)                         5.2 (1.4)
   Range                             1.2--7.0
  MS symptoms, n (%)                 
   Fatigue                           52 (77.6)
   Vertigo                           18 (26.9)
   Imbalance                         63 (94.0)
   Lower limb pain                   26 (38.8)
   Loss of sensation in lower limb   41 (61.2)
   Lower limb weakness               48 (71.6)
   Lower limb muscle tightness       51 (76.1)
   Lower limb tremor                 4 (6.0)
   Lower limb spasticity             34 (50.7)
   Heat intolerance                  54 (80.6)
   Cerebellar symptoms               49 (73.1)

**Note:**

Except where noted.

**Abbreviations:** EDSS, Expanded Disability Status Scale; EQ-5D, EuroQol-5D; FSS, Fatigue Severity Scale; MS, multiple sclerosis; MSWS-12, 12-item Multiple Sclerosis Walking Scale; SD, standard deviation; sec, seconds; T25FW, Timed 25-Foot Walk; y, year.

###### 

Results of clinical assessments in the overall population over time

  Assessment      Baseline (N = 67)   4 wk (n = 65)   3 mo (n = 52)   6 mo (n = 48)                                                                                                   
  --------------- ------------------- --------------- --------------- --------------- ---------------------------- ---- ------------- ---------------------------- ---- ------------- ----------------------------
  T25FW                                                                                                                                                                               
   Time, sec      54                  13.9 (8.9)      53              12.2 (10.0)     *P* \< 0.03 (9.4, 15.0)      40   9.7 (6.0)     *P* \< 0.0001 (7.8, 11.6)    35   10.4 (7.9)    *P* \< 0.001 (7.7, 13.1)
   Speed, m/sec   54                  0.55 (0.86)     53              0.62 (0.76)     *P* \< 0.0001 (0.58, 0.83)   40   0.79 (1.27)   *P* \< 0.0001 (0.72, 1.03)   35   0.73 (0.95)   *P* \< 0.0001 (0.69, 0.97)
  MSWS-12 score   67                  77 (19)         64              66 (20)         *P* \< 0.0001 (61, 71)       52   64 (20)       *P* \< 0.01 (58.3, 69.7)     44   66 (23)       *P* \< 0.0001 (59, 73)
  EQ-5D score     66                  1.7 (0.3)       64              1.6 (0.3)       *P* \< 0.001 (1.6, 1.7)      51   1.7 (0.3)     *P* \< 0.01 (1.6, 1.8)       46   1.6 (0.3)     *P* \< 0.001 (1.5, 1.7)
  FSS score       38                  5.2 (1.4)       36              4.7 (1.5)       *P* \< 0.06 (4.2, 5.2)       30   4.2 (1.5)     *P* \< 0.01 (3.7, 4.8)       26   4.2 (1.4)     *P* \< 0.01 (3.6, 4.7)

**Notes:**

Statistical analyses (*P*-values and 95% CIs) refer to group difference between baseline and the respective follow-up visit. Statistical significance was defined as *P* \< 0.05.

**Abbreviations:** CI, confidence interval; EQ-5D, EuroQoL-5D descriptive system; FSS, Fatigue Severity Scale; mo, month; MSWS-12, 12-item Multiple Sclerosis Walking Scale; SD, standard deviation; sec, second; T25FW, Timed 25-Foot Walk; wk, week.

###### 

Baseline characteristics of patients grouped by the level of clinical benefit of PR-fampridine treatment at week 4 or month 6

                             All patients[\*](#tfn5-prom-4-075){ref-type="table-fn"}   No clinical benefit of treatment (no improvement on T25FW and MSWS-12)   Moderate clinical benefit of treatment (\<10% improvement on T25FW and \<6 points on MSWS-12)   Substantial clinical benefit of treatment (\>20% improvement on T25FW and ≥6 points on MSWS-12)              
  -------------------------- --------------------------------------------------------- ------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------- ---------- ----------
  Patients, n                N = 67                                                    n = 16                                                                   n = 12                                                                                          n = 7                                                                                             n = 22     n = 11
  Age, y                     47.8                                                      46.7                                                                     45.3                                                                                            50.0                                                                                              48.9       47.6
  Women, %                   68.7                                                      50.0                                                                     66.7                                                                                            75.7                                                                                              50.0       54.5
  MS disease course, n (%)                                                                                                                                                                                                                                                                                                                                                   
   Secondary-progressive     34 (50.8)                                                 11 (68.7)                                                                6 (50.0)                                                                                        3 (42.8)                                                                                          9 (40.9)   5 (45.4)
   Relapsing-remitting       17 (25.4)                                                 3 (18.8)                                                                 5 (41.7)                                                                                        2 (28.6)                                                                                          6 (27.3)   3 (27.3)
   Primary-progressive       16 (23.9)                                                 2 (12.5)                                                                 1 (8.3)                                                                                         2 (28.6)                                                                                          7 (31.8)   3 (27.3)
  MS duration, y             16.5                                                      16.3                                                                     15.6                                                                                            15.8                                                                                              14.7       14.0
  EDSS score                 4.8                                                       5.1                                                                      4.3                                                                                             4.7                                                                                               4.8        4.6
  T25FW, sec                 13.9                                                      16.4                                                                     12.2                                                                                            15.5                                                                                              15.1       13.5
  MSWS-12 score              77.0                                                      80.3                                                                     74.3                                                                                            71.8                                                                                              76.5       74.8

**Notes:**

Values are the mean unless otherwise noted. Patients with an intermediate clinical benefit of treatment (≥10% but ≤20% improvement on T25FW) are not shown.

**Abbreviations:** EDSS, Expanded Disability Status Scale; mo, month; MS, multiple sclerosis; MSWS-12, 12-item Multiple Sclerosis Walking Scale; PR, prolonged-release; sec, second; T25FW, Timed 25-Foot Walk; wk, week; y, year.

###### 

Results of clinical assessments in the three case studies over time

  Assessment                                                                             Baseline   4 wk    3 mo     6 mo
  -------------------------------------------------------------------------------------- ---------- ------- -------- --------
  **Patient \#1 (54-year-old white man with SPMS, EDSS score 5.5)**                                                  
  T25FW                                                                                                              
   Time, sec                                                                             17.1       10.3    7.5      7.6
   Speed, m/sec                                                                          0.45       0.74    1.02     1.00
   Change in walking speed from baseline,[\*](#tfn7-prom-4-075){ref-type="table-fn"} %   --         +64.4   +126.7   +122.2
  MSWS-12 score                                                                          83         56      54       58
  EQ-5D score                                                                            1.8        1.8     1.4      1.2
  FSS score                                                                              5.67       5.11    4.67     4.33
  **Patient \#2 (49-year-old white woman with SPMS, EDSS score 4.0)**                                                
  T25FW                                                                                                              
   Time, sec                                                                             7.1        6.6     6.2      5.9
   Speed, m/sec                                                                          1.07       1.15    1.23     1.29
   Change in walking speed from baseline,[\*](#tfn7-prom-4-075){ref-type="table-fn"} %   --         +7.5    +15.0    +20.6
  MSWS-12 score                                                                          77         50      50       48
  EQ-5D score                                                                            1.4        1.4     1.4      1.4
  FSS score                                                                              6.78       6.33    4.44     5.11
  **Patient \#3 (39-year-old white woman with SPMS, EDSS score 6.5)**                                                
  T25FW                                                                                                              
   Time, sec                                                                             29.4       52.7    NA       NA
   Speed, m/sec                                                                          0.26       0.14    NA       NA
   Change in walking speed from baseline,[\*](#tfn7-prom-4-075){ref-type="table-fn"} %   --         −46.2   NA       NA
  MSWS-12 score                                                                          65         65      NA       NA
  EQ-5D score                                                                            1.4        2.0     NA       NA
  FSS score                                                                              3.56       5.78    NA       NA

**Notes:**

Positive (+) percentage change from baseline in walking speed indicates faster walking speed compared with baseline; negative (−) percentage change from baseline indicates slower walking speed compared with baseline. Patients who did not demonstrate clinical benefit of prolonged-release fampridine after 4 weeks of treatment discontinued treatment and were not followed-up on.

**Abbreviations:** EDSS, Expanded Disability Status Scale; EQ-5D, EuroQoL-5D descriptive system; FSS, Fatigue Severity Scale; mo, month; MSWS-12, 12-item Multiple Sclerosis Walking Scale; NA, not available; sec, second; SPMS, secondary-progressive multiple sclerosis; T25FW, Timed 25-Foot Walk; wk, week.
